Background: Thyroid hormones are known to affect energy metabolism. Many patients of
transduction in target tissue; a similar mechanism of thyroid receptor resistance might be operating in these obese persons [2] . It is still not clear whether alterations in thyroid hormones are a cause or an effect of obesity (metabolic syndrome) suggesting need for further evaluation on a large scale with inclusion of various hormones elaborated by adipose tissue (like, leptin, resistin, adiponectin, etc). There are various studies on thyroid functions in patients with metabolic syndrome but there is a scarcity of studies on the issue from northern India.
Material and methods

Study design
The present study was conducted in the Department of Endocrinology and Metabolism, in tertiary care health center in northern part of India, it is a hospital based cross sectional case-control study, to study the correlation of thyroid function and serum lipid with metabolic syndrome.
Study population
Patients attending the outpatient department (OPD) of Endocrinology and Metabolism department were included in the present study (n ¼ 200).
Inclusion criteria
Subjects who fulfilled the IDF (International Diabetic
Federation) criteria for metabolic syndrome were grouped under cases. 2 Subjects who gave written informed consent.
Exclusion criteria
1. Subjects who are a known case of any psychiatric illness. 2. Patients suffering from any major medical or surgical illness. IDF criteria for metabolic syndrome [5] [ Fig. 1 ]
We chose to follow the IDF criteria over NCEP: ATP III (National Cholesterol Education Program Adult Treatment Panel III) because the IDF criteria takes into account the variation of ethnicity while ATP III is applicable mainly to the American population.
PROTOCOL of the study shown in Fig. 2 The first 100 patients attending OPD of department of Endocrinology and Metabolism, who were fitting in the IDF criteria for metabolic syndrome, were enrolled as cases after taking their consent for the study. Then, the same number of controls was included after matching their age, sex and social status with cases. 
At a glance commentary
Scientific background on the subject
Obesity per se causes alterations in thyroid hormones, i.e. increased thyroid hormone levels, increased TSH with no effect on T 3 and T 4 , or increase in TSH and T 3 with no effect on T 4 ; on the other hand, subclinical hypothyroidism as a result of slow metabolism can lead to the obesity.
What this study adds to the field
The mechanism of normal levels of T 3 , T 4 with increased TSH in metabolic syndrome is not defined, but it has been hypothesized that metabolic syndrome is associated with insulin resistance due to the defect in postreceptor signal transduction in target tissue, a similar mechanism of thyroid receptor resistance might be operating in these obese persons.
History
Information on age, sex and occupation and past history of type 2 diabetes mellitus and hypertension was obtained by self report.
Examination
Body weight to the nearest 1 kg and standing height to nearest 1 cm were measured using a manual scale and standard measuring tape. Trained physician or technicians measured waist circumference to the nearest 1 cm using standard measuring tape at the level of mid-line between inferior border of ribs and superior border of iliac crest (as per IDF guidelines). Blood pressure was measured by trained physician after 5 min rest in right arm sitting position with a mercury sphygmomanometer.
Goiter was assessed, and graded as per the WHO grading system. Anti TPO antibody (Anti-thyroid peroxidase antibodies) were not done in patients with metabolic syndrome because of financial reasons.
Blood collection and measurement of biochemical variables
All the blood samples were collected by 8e10 h overnight fast in the morning. Serum HDL (High Density Lipoprotein) e Cholesterol, Triglycerides, LDL (Low Density Lipoprotein) e Cholesterol, Total Cholesterol was measured using enzymatic method as instructed in information sheets. Plasma glucose was measured using Enzymatic (GOD-POD) method. T 3 (1.3e3.1 nmol/l), T 4 (66e181 nmol/l), TSH (0.270e4.20 mIU/ ml) were measured using ELISA.
Statistical analysis
Continuous data were summarized as Mean ± SD while discrete (categorical) in number and percentage. Continuous two independent groups were compared by parametric independent student's t test and the significance of parametric t test was also validated with nonparametric alternative ManneWhitney U test, where appropriate. Discrete (categorical) groups were compared by chi-square (c 2 ) test. A two-sided (a ¼ 2) p values less than 0.05 (p < 0.05) was considered statistically significant. All analyses were performed on STA-TISTICA software (Windows version 6.0).
Result
The present study was undertaken in the Department of Endocrinology and Metabolism, to find out the correlation between thyroid profile and metabolic syndrome in patients of Metabolic Syndrome and compare it with healthy controls. The study was approved by the ethics committee. One hundred patients attending Endocrinology and Metabolism OPD from August 2012 to July 2013 who fulfilled the criteria of metabolic syndrome as per IDF guidelines were included in the study as cases and an equal number of age, gender and social status matched controls were included. Informed consent was taken before the start of study from patients. Table 1 showed the age of total study population ranged from 18 to 60 years. In Control group mean age of subjects was 38.77 ± 9.94 (range e 18e57) years whereas in Case group mean age of subjects was 38.10 ± 10.33 (range e 19e60) years. Majority of patients in both the groups were between age groups 31e50 years. Statistically, there was no significant difference between two groups with respect to age. The distribution of subjects in two groups according to gender: In both the groups, majority of subjects were females. There were 64 (64%) females and 36 (36%) males in both control and case group. The present study was a case-control study, to exclude any age or gender bias, an attempt was made to include controls of similar age and gender as of controls. Groups matched perfectly according to age and gender. Table 2 shows distribution of subjects in two groups according to presence of different factors contributing to metabolic syndrome: In case group, all (100%) subjects had central obesity, 84% had raised blood pressure and 47% had raised fasting plasma glucose, a total of 83 (83%) had raised triglycerides and 76% had reduced HDL cholesterol. In control group, a total of 29 (29%) subjects fulfilled the IDF criteria for central obesity (Males >90 cm, Females >80 cm), 32% had raised blood pressure (>130/85 SBP/DBP or known hypertensive) and only 1 had raised fasting plasma glucose (>100 mg/dL or known diabetic), a total of 2 had raised triglyceride levels (!150 mg/dL) and 8% had reduced HDL cholesterol (Males 40 mg/dL, Females 50 mg/dL). Above data clearly 
indicates that all the above factors contributing to metabolic syndrome were present in significantly higher proportion (p < 0.001) in cases than in controls. Table 3 shows distribution of subjects according to gender in two groups according to presence of different factors contributing to metabolic syndrome: Above data indicates that in controls none of the above factors showed statistically significant difference between males and females. It was found from the present study that all the cases included in the study were centrally obese irrespective of their gender. In cases, reduced HDL cholesterol was found to be in significantly lower proportion of male (58.33%) than female (85.94%) subjects (p ¼ 0.002) and raised blood pressure was found in significantly higher proportion of male (94.44%) than female (78.13%) subjects (p ¼ 0.033). Statistically no significant difference between gender was found in raised TGL (p ¼ 0.947) and raised fasting plasma glucose (p ¼ 0.385). Table 4 shows comparison of subjects according to lipid parameters: In the present study it was found that serum HDL was significantly lower (p < 0.001) in cases (41.28 ± 8.81) as compared to controls (54.00 ± 6.31). It was also found that serum LDL, VLDL, Triglyceride levels and total cholesterol were found to be significantly higher (p < 0.001) in cases than controls. Table 5 shows comparison of subjects according to thyroid profile parameters: Serum T 3 levels of cases (2.23 ± 0.46) were found to be higher than that of controls (2.12 ± 0.47) but this Table 6 Distribution of TSH, T 3 and T 4 with respect to parameters of Metabolic Syndrome (Waist Circumference, SBP, DBP, Triglycerides, Fasting Plasma Glucose, HDL Cholesterol) in patients with metabolic syndrome.
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difference was statistically non-significant. Serum T 4 levels of subjects in control group were found to be significantly higher (p < 0.001) than that of metabolic syndrome cases. In the present study it was found that serum TSH levels of subjects in cases group (3.33 ± 0.78) were significantly higher (p < 0.001) than that of controls (2.30 ± 0.91). Table 6 : It was found that serum T 3 correlates positively with waist circumference, systolic blood pressure, diastolic blood pressure and fasting sugar level, T 4 correlates positively with only systolic blood pressure, while TSH correlates positively only with triglyceride levels. Table 7 : It was found that when we compare the distribution of thyroid profile between the male and female, only the TSH was found to be statistical significant. 
Discussion
Asian Indians are a high risk population with respect to diabetes and cardiovascular diseases, and the numbers are consistently on the rise [6] . Metabolic syndrome is a cluster of cardiometabolic risk factors like obesity, hypertension, hyperglycemia, hypertriglyceridemia and low HDL [7] . Many studies have been carried out abroad as well as in India on metabolic syndrome, however limited data is available on correlation of thyroid profile and serum lipids with metabolic syndrome in Indian population.
The gender differences in prevalence of metabolic syndrome have been found in several studies. It might be due to different cut-off points set as criteria for metabolic syndrome like waist circumference and HDL-Cholesterol [8] . The findings of female gender dominance was seen in our data similar to the Arkhangel study done in Russia, Korea and China [9, 10] , while it is comparable to the prevalence data in Frinks cohort study, [11] and the studies conducted in Pakistan [12] . It is worrisome that the increase in prevalence of the metabolic syndrome is higher in women than in men. This is mainly driven by the constant rise in obesity in women, with presently 2 million more women than men being affected in the united states [8] as well as in the under developing countries including south east Asian countries [12] .
In our study population, among the cases, central obesity was present in 100% patients of metabolic syndrome. Among other parameters for metabolic syndrome, raised blood pressure was present in 84% of the cases. The third most common parameter was raised triglycerides levels (83%) followed by decreased HDL Cholesterol (76%) and raised fasting plasma glucose (47%). The common components of metabolic syndrome included central obesity and dyslipidemia in our study [ Table 2 ]. This finding is not surprising as it has been seen that central obesity plays a central role in the development of the metabolic syndrome and appears to precede the appearance of the other metabolic syndrome components [8] . The raised blood pressure, raised Triglycerides and decreased HDL cholesterol levels can be attributed to our dietary habits, especially high carbohydrate, high cholesterol and excess salt diet and sedentary life-style.
Different studies have been undertaken to characterize the major components of the metabolic syndrome in women and men in different populations. Investigations performed in the French Monica cohorts to separate the contributions of different factors to the metabolic syndrome showed a significantly elevated body weight, waist girth, and low HDL cholesterol in women than in men [13] . Similar findings were seen in our study i.e. low HDL were present more in women as compared to men while triglycerides levels were same in both the gender but raised blood pressure was found in higher proportion of men than women.
Central fat accumulation and the presence of insulin resistance have both been associated with a cluster of dyslipidemic features, i.e., elevated plasma triglyceride level, an increase in very low-density lipoprotein (VLDL) and intermediate-density lipoprotein (IDL), the presence of small dense LDL particles, and a decrease in HDL-cholesterol. These abnormalities of lipoprotein metabolism are more likely to occur together than separately and constitute the key component traits of the metabolic syndrome. In the present study it was found that serum HDL was significantly lower (p < 0.001) in cases (41.28 ± 8.81) as compared to controls (54.00 ± 6.31). It was also found that serum LDL, VLDL, 
Triglyceride levels and total cholesterol (TC) were found to be significantly higher (p < 0.001) in cases than controls [ Table  4 ]. Dyslipidemia is another well-known risk factor for cardiovascular disease, as well as a component of metabolic syndrome, and the role of HDL, triglycerides (TG) and lowdensity lipoprotein cholesterol (LDL) are already established as predictors of cardiovascular disease [14] . On the other hand, a characteristic dyslipidemia is also associated with insulin resistance [15] . The LDL cholesterol or total cholesterol level has been widely used to assess lipid atherogenesis, but its utility for Insulin resistance is not well known, in contrast to TG or HDL cholesterol. In the present study, we found a significant higher proportion of total cholesterol and LDL cholesterol levels among cases of metabolic syndrome which is in accordance with the study done by Anthonia O Ogbera [16] . Recent evidence suggests that a fundamental defect is an overproduction of large very low-density lipoprotein (VLDL) particles, which initiates a sequence of lipoprotein changes, resulting in higher levels of remnant particles, smaller LDL, and lower levels of high density lipoprotein (HDL) cholesterol [17] .
In the present study it was found that serum TSH levels of subjects in cases group (3.33 ± 0.78) were significantly higher (p < 0.001) than that of controls (2.30 ± 0.91) which is in accordance with the different studies done by Lai et al. and Chugh et al. [18, 19] . Bastemir et al. and Kundsen et al. [2, 20] found in different studies that obesity per se causes increased TSH with no effect on T 3 and T 4 [3, 20] while studies done by Stichel et al., Reinehr et al. and Kiortsis et al. concluded that obesity causes increase in TSH and T 3 with no effect on T 4 [23] . In a study done by KVS Hari Kumar et al. [21] T 3 showed positive correlation with triglycerides, LDLcholesterol (LDL), total cholesterol, insulin, HOMA-IR (insulin resistance) and negatively with body fat. TSH correlated positively with BMI, insulin, HOMA-IR, LDL and negatively with HDL-cholesterol (p < 0.05). FT 3 correlated positively with waist circumference and T 4 did not show correlation with metabolic syndrome parameters [22] . Many different studies shows the positive correlation of thyroid profile with metabolic syndrome [24] , similarly in the present study significant association found between the thyroid profile and different component of metabolic syndrome.
In our study, it was found that serum T 3 correlates positively with waist circumference, systolic blood pressure, diastolic blood pressure and fasting sugar level, T 4 correlates positively with only systolic blood pressure, while TSH correlates positively only with triglyceride levels. It may be because of early adjustment and short half life of T 3 compare to T 4 and TSH in patients with metabolic syndrome.
There was limitation in the present study in determination of exact correlation between thyroid functions and metabolic syndrome as we chose only those subjects in whom thyroid profile was normal and all other subjects with deranged thyroid profile were excluded in order to negate the confounding effect of thyroid function in the pathogenesis of metabolic syndrome.
From the above study, it is clear those thyroid dysfunctions are independent risk factor for the metabolic syndrome.
Conclusion
Waist circumference, mean systolic pressure, diastolic pressure, fasting blood sugar, total cholesterol, low density lipoprotein (LDL) cholesterol, triglycerides, and thyroid stimulating hormone (TSH) were significantly higher, and high density lipoprotein (HDL) cholesterol were significantly lower in the metabolic syndrome patients compared to the control group concluding that there is significant association between TSH and metabolic syndrome, and it highlights the importance of thyroid function tests in patients with metabolic syndrome. It is still not clear whether alterations in thyroid hormones are a cause or an effect of obesity (metabolic syndrome) suggesting need for further evaluation on a large scale with inclusion of various hormones elaborated by adipose tissue.
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